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Drosophila embryoThe atypical cadherin Drosophila protein Flamingo and its vertebrate homologues play widespread roles in the
regulation of both dendrite and axon growth. However, little is understood about the molecular mechanisms
that underpin these functions. Whereas ﬂamingo interacts with a well-deﬁned group of genes in regulating
planar cell polarity, previous studies have uncovered little evidence that the other core planar cell polarity
genes are involved in regulation of neurite growth. We present data in this study showing that the planar cell
polarity gene prickle interacts with ﬂamingo in regulating sensory axon advance at a key choice point — the
transition between the peripheral nervous system and the central nervous system. The cytoplasmic tail of the
Flamingo protein is not required for this interaction. Overexpression of another core planar cell polarity gene
dishevelled produces a similar phenotype to prickle mutants, suggesting that this gene may also play a role in
regulation of sensory axon advance.
Crown Copyright © 2011 Published by Elsevier Inc. All rights reserved.Introduction
The atypical cadherin Flamingo and its vertebrate homologues, the
Celsr proteins, play widespread roles in the regulation of neurite
growth. In Drosophila, these functions include limiting dendrite
extension from sensory neurons (Gao et al., 1999; Grueber et al.,
2002; Sweeney et al., 2002) and mushroom body interneurons
(Reuter et al., 2003), promoting axon advance from sensory and
motor neurons (Steinel and Whitington, 2009; Sweeney et al., 2002),
regulating target selection by photoreceptor axons (Chen and
Clandinin, 2008; Lee et al., 2003; Senti et al., 2003), prevention of
ectopic neuromuscular junction formation and maintenance of motor
axon terminals (Bao et al., 2007). The C. elegans Flamingo ortholog
FMI-1 is required for normal navigation and advance of both pioneer
and follower axons in the ventral nerve cord (Steimel et al., 2010). In
the mouse, Celsr3 function is necessary for the formation of major
axonal pathways within the brain (Tissir et al., 2005), while Celsr2
regulates morphogenesis of Purkinje cell and pyramidal neuron
dendrites (Shima et al., 2004, 2007).
Although much progress has been made in elucidating the cellular
functions of Flamingo, the molecular mechanisms by which this
protein exerts its effects on neurite growth in vivo remain poorly
understood. In particular, none of the molecules that interact with
Flamingo, either in cis within the neuronal plasma membrane, or assich), dustinf@unimelb.edu.au
itington).
11 Published by Elsevier Inc. All rigcomponents of a downstream signalling pathway in the cytoplasm
have yet been identiﬁed.
This gap in our knowledge may appear surprising, given that
Flamingo functions, albeit in a different developmental context, in a
well-characterised signalling pathway— the Planar Cell Polarity (PCP)
pathway. Flamingo is one of the core PCP proteins, the other members
of which are Frizzled, Dishevelled, Van Gogh/Strabismus, Diego and
Prickle (Shulman et al., 1998). The core PCP genes and their vertebrate
homologues specify the polarity of cells in the plane of an epithelium
— expressed at a morphological level in, for example, the orientation
of hairs on the epidermal surface of both insects and mammals and of
the stereocilia of hair cells in the mammalian inner ear (reviewed in
Klein and Mlodzik, 2005). Although details of the molecular in-
teractions between core PCP family proteins are still to be elucidated,
recent evidence suggests that Flamingo plays a key instructive role in
recruiting Frizzled and Van Gogh proteins across cell borders to
propagate PCP signals from cell to cell (Chen et al., 2008).
Whereas Flamingo plays central roles in both planar polarity and
in the regulation of neurite growth, little evidence exists for the
involvement of other core PCP family genes in the latter develop-
mental process. In Drosophila, loss-of-function mutants for frizzled,
Van Gogh, dishevelled and prickle do not display the same defects in
dendritic or axonal morphology seen in ﬂamingo mutants (Gao et al.,
2000; Lee et al., 2003; Senti et al., 2003; Steinel and Whitington,
2009). The only evidence from in vivo studies for a role of a core PCP
family gene other than ﬂamingo in regulation of neurite growth comes
from the study of Wang et al. (2002), which reported defective
formation of major axonal tracts in the brain of the Frizzled-3 knock-
out mouse. However, the observed similarity in the Frizzled-3 andhts reserved.
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interaction between these genes in the regulation of axon growth.
Against this background, two recent in vitro studies have shown
that down-regulation of the murine prickle homologues Prickle1 and
Prickle2 in neuroblastoma cells decreases neurite outgrowth, while
overexpression of these genes has the opposite effect (Fujimura et al.,
2009; Okuda et al., 2007). These ﬁndings prompted us to examine a
possible role for prickle in regulation of sensory axon advance in the
Drosophila embryo: this genewas omitted from our original search for
ﬂamingo-like sensory axon stalling phenotypes in core PCP mutants
(Steinel and Whitington, 2009).
The results of our current study provide the ﬁrst evidence in
Drosophila for a role of a core PCP gene other than ﬂamingo in
regulation of neurite growth and the ﬁrst functional evidence in any in
vivo system for an interaction between ﬂamingo and another PCP gene
in this context. Furthermore, we ﬁnd that overexpression of
dishevelled generates the same phenotype as the prickle loss-of-
function (LOF)mutant, raising the possibility that several components
of the PCP signalling pathway work together to regulate axon growth
in this system.dorsal
group (d)
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ddaAdbdMaterials and methods
Fly stocks
The following mutant alleles and transgenes were used: (1)
prickle1 (pk1), a homozygous viable null allele (Gubb et al., 1999);
obtained from Bloomington Stock Centre); (2) stan192, a null allele of
ﬂamingo (Usui et al., 1999); obtained from Bloomington Stock
Centre); (3) UAS-fmiΔC::EYFP, a truncated Flamingo construct lacking
the intracellular C-terminal tail of the protein (Kimura et al., 2006;
obtained from Tadashi Uemura); (4) UAS-dsh (obtained from Alfonso
Martinez Arias); and (5) UAS-stan RNAi (obtained from Vienna
Drosophila Research Center). The P0163-GAL4 line (Hummel et al.,
2000; obtained from Michael Bate) was used to drive expression of
transgenes in all sensory neurons. Rescue experiments with the
fmiΔC::EYFP transgene were carried out in a stan192/stan192
background.lateral
group (l)lch5Embryo preparation
Eggs were collected overnight at 25 °C (or at 29 °C for experiments
using GAL4 driver lines) on apple juice-agar plates with added yeast
and then chemically dechorionated. Embryos were staged by gut
morphology (Campos-Ortega and Hartenstein, 1985) and the length
of gastric caecae (Merritt et al., 1993).ventral'
group (v')
ventral
group (v)
ISN
VNC
SN
Fig. 1. Schematic showing the arrangement of sensory neurons in abdominal segments
of the Drosophila embryo. Anterior is left and dorsal is up. ISN-intersegmental nerve;
SN-segmental nerve; and VNC-ventral nerve cord.DiI single cell labelling
Individually identiﬁed sensory neurons were labelled with DiI by
juxtacellular injection as previously described (Merritt andWhitington,
1995). In some cases, embryos were ﬁlleted along the dorsal midline
after neuron labelling to provide a clearer view of axon morphology
close to the central nervous system (CNS). Stained neurons were
photoconverted in the presence of 0.2% diaminobenzidine to give a
permanent dark reaction product. Embryos were mounted in 70%
glycerol in phosphate-buffered saline and viewed in a Zeiss Axioskop
using DIC optics. Digital images at multiple focal planes separated by
0.5 μm were captured with a Dage-MTI DC330 video camera and a
Scion CG-7 frame grabber. Projections of in-focus images at different
focal planes were made either manually using Adobe Photoshop 8.0
software or using CombineZP image stacking software (by Alan Hadley,
alan@microcips.org.uk).Immunohistochemistry
Embryos were co-stained with anti-Prickle antibody (diluted
1:500 in phosphate buffered saline containing 0.1% Tween-20;
obtained from David Gubb) and Cy5-conjugated anti-HRP (1:500
dilution, obtained from Jackson Immunologicals, West Grove, Penn-
sylvania, USA) using standard immunohistochemical techniques
(Patel, 1994). Alexa-488 conjugated anti-rabbit Ig secondary antibody
(obtained from Chemicon, Sydney, NSW, Australia) was used at a
dilution of 1:500. Embryos were mounted in Vectashield (Vector Labs,
Burlingame, CA, USA) and examined using a Zeiss LMS 510 META or
LMS5 Pascal confocal microscope.
Results
Sensory axons stall in prickle mutant embryos
Sensory neurons in abdominal segments A1-A7 of the Drosophila
embryo are grouped into 4 clusters — ventral, ventral’, lateral and
dorsal. There are 10 neurons in the dorsal cluster — dbd (dbp), ddaA,
ddaB, ddaC (dmd1), desA2 (dh2), desB (dh1), ddaD, ddaE, desC (dp1)
and desD (dp2) (Fig. 1, alternative names for some of these neurons
according to Orgogozo and Grueber, 2005 are shown in brackets). The
axons of these dorsal cluster neurons fasciculate in the intersegmental
nerve (ISN), which courses towards and joins the ventral nerve cord
(VNC; Fig.1). DiI labelling shows that, in wild type embryos, the axons
from all of these dorsal cluster neurons have entered and begun to
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neurons examined, n=98).
Labelling of dorsal cluster neurons in mid-late stage 16 pk1/1
embryos revealed that in 16% of cases (n=94), the sensory axon
projected along its normal pathway, the ISN, but stalled within the
nerve, just before its junction with the VNC (Fig. 2A,B; Fig. 3). All
stalled axons possessed a simple, club-like growth cone morphology.
Such stalls were seen in all dorsal cluster neurons examined, exceptA 
C 
E
pk1/1
pk1/1
fmi-RNAi
F fmi-RNAi
Fig. 2. Dorsal cluster sensory axons stall at the edge of the CNS in prickle1/1, ﬂamingo RNAi a
dorsal cluster sensory neurons in embryos of the indicated genotype, viewed under DIC optic
to the right. Scale bars represent 10 μm. (A) Lateral view of the body wall in an undissected
been labelled. The axon of the upper neuron enters the CNS and arborises in a normal fashion
the edge of the CNS (arrow). Note the simple club-like morphology of the growth cone. Vert
dbd neuron cell body. (B) View of the CNS and adjacent body wall of a ﬁlleted late stage 16
axon of the upper neuron, desB, has stalled just before the edge of CNS (arrow), the axon of th
while the axon of the lower neuron, desB, has formed a mature arborisation in a ventral po
stage 16 pk1/1 embryo. A dbd axon projects into the CNS and forms a normal arborisation in
the CNS of a ﬁlleted late stage 16 pk1/1 embryo, showing the normal central arborisation of
ﬁlleted late stage 16 UAS-dcr;UAS-fmi-RNAi/P0163-GAL4 embryos showing stalling of dorsal s
lines indicate the position of the lateral edge of the CNS. (G) View of the lateral body wall of a
sensory neurons in adjacent hemisegments. The axon of the upper cell projects normally into
by dashed line).for dbd: all 10 dbd neurons sampled had arborised normally within
the CNS in late stage 16 pk1/1 embryos (Fig. 2C). Since dbd is not
affected by pk loss of function, yet lies in the same dorsal region as
neurons that do show axonal defects, it is unlikely that distance from
the CNS is the sole determinant as to whether or not a sensory neuron
stalls in pk mutants.
In an additional two cases, the sensory axon stalled within the
VNC, on its dorsal surface (Fig. 2Bmiddle axon): in wild type embryos,B 
D 
pk1/1
pk1/1
G pk1/+,stan1/+
nd prickle1/+/starry night192/+ embryos. All images are of photo-converted DiI labelled
s. Images are projections of multiple focal planes, oriented anterior to the top and dorsal
late stage 16 pk1/1 embryo. Two dorsal cluster neurons in adjacent hemisegments have
. The axon of the lower neuron follows a normal trajectory in the periphery, but stalls at
ical dashed line shows the lateral edge of the CNS and asterisks show the position of the
pk1/1 embryo. Sensory neurons have been labelled in three adjacent hemisegments. The
e middle neuron, ddaE, has stalled within the CNS just before turning ventrally (arrow),
sition of the neuropile (arrow). (C) View of the lateral body wall in an undissected late
the neuropile. Vertical dashed line shows the lateral edge of the CNS. (D) Dorsal view of
a labelled lch5-5 neuron within the neuropile. (E, F) View of lateral body wall of two
ensory axons in the ISN over the ventral longitudinal/oblique muscles (arrows). Dashed
n undissected pk1/+,stan192/+ embryo, showing axon morphology of DiI-labelled dorsal
the CNS, while the lower axon stalls (arrow) just before the edge of the CNS (indicated
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Fig. 3. Percentage of dorsal cluster axon stalls seen in various genotypes. A signiﬁcant
difference in penetrance of phenotypes in mutant or transgenic embryos compared to
wild type embryos according to a Fisher Exact test is indicated as follows: *** Pb0.001,
and * Pb0.05.
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Fig. 4. Prickle is expressed widely in the epidermis and sensory neurons. Projections of confo
anti-Prickle antibody (green channel) and anti-HRP (red channel). Scale bars represent 20
cytoplasm of all epidermal cells in the body wall. (B) A more internal view of a stage 13 emb
dorsal sensory cell bodies (arrow, middle hemisegment) and lateral sensory cell bodies (ar
expression in the motor nerve SNa (arrows) and in the dendrites of the lch5 neurons (arro
227E.M. Mrkusich et al. / Developmental Biology 358 (2011) 224–230dorsal sensory axons have projected to the ventral side of the
neuropile by this developmental stage.
The lateral chordotonal (lch5) neurons in the lateral cluster did not
display this axon stalling behaviour (n=41, Fig. 2D).
Prickle is expressed widely in the epidermis and sensory neurons
To shed light on its role in sensory neurons, we examined the
expression of Prickle protein in embryos at the time of sensory axon
growth into the CNS, using anti-Prickle immunohistochemistry.
Previous studies of Prickle expression have neglected these embry-
onic stages (Gubb et al., 1999).
We found that Prickle is expressed in the cytoplasm of all sensory
neurons and their axons, as well as the epidermis, from stage 13
onwards, at the time that dorsal cluster sensory axons are advancing
along the ISN (Fig. 4A,B). Prickle is also expressed in motor axons, as
revealed most clearly by the staining of the motor nerve SNa in stage
16 embryos (Fig. 4C). High levels of expression are seen in the
dendrites of chordotonal neurons at this stage (Fig. 4C). Chordotonal
neuron dendrite morphology is, however, normal in pk mutant
embryos.
Although Prickle is expressed in lch5 neurons, the absence of an
lch5 axon stall phenotype in pk mutant embryos shows that it is notanti-Prickle + anti-HRP 
anti-Prickle + anti-HRP 
cal images of the lateral body wall of wild-type embryos double immuno-stained with
μm. (A) View of surface of a stage 13 embryo, showing expression of Prickle in the
ryo, showing Prickle expression in dorsal sensory axons (arrow, upper hemisegment),
row, lower hemisegment). (C) An internal view of a stage 16 embryo, showing Prickle
whead).
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Fig. 5. A Flamingo construct lacking the cytoplasmic tail rescues the ﬂamingo mutant
phenotype. (A) Viewof the lateral bodywall of an undissected stan192/stan192; P0163GAL4/
UAS-fmiΔC-YFP embryo, showing the axonal arborisation (arrow) made by a labelled
dorsal cluster sensory neuron within the CNS (lateral border of CNS indicated by vertical
line). Scale bar represents 10 μm. (B) The percentage of dorsal cluster axon stalls seen in
stan192/stan192, stan192/stan192; UAS-fmiΔC-YFP/P0163-GAL4 and stan192/stan192; UAS-fmi/
P0163-GAL4 embryos. Values for the two rescue genotypes are signiﬁcantly different to
stan192/stan192 embryos at Pb0.001 (***), but are not signiﬁcantly different from each
other.
228 E.M. Mrkusich et al. / Developmental Biology 358 (2011) 224–230required for axon advance in those cells. The Prickle expression
pattern is consistent with a cell autonomous function in regulation of
dorsal cluster axon advance, but a non-cell autonomous role cannot
be excluded from this data.
fmi RNAi embryos show sensory axon stalling phenotypes like prickle
mutant embryos
Our earlier study showed that Flamingo is required for axon
extension beyond intermediate guidepost cells that are encountered
soon after axon outgrowth (Steinel and Whitington, 2009). However
these ﬁndings do not exclude a possible continuing role for Flamingo
further along the axon pathway.
To investigate whether Flamingo plays such a role, we used RNA
interference to down-regulate fmi activity in sensory neurons. We
reasoned that RNAi might only partially block fmi function, leaving
enough residual activity to allow the dorsal sensory axons to grow
past the ﬁrst intermediate target, the sensory neuron dbd, but not
enough to allow growth past sites further along the pathway, where
there might be an ongoing requirement for Flamingo function.
Dorsal sensory axons in UAS-dcr;UAS-fmi-RNAi/P0163-GAL4 em-
bryos were found to stall in the intersegmental nerve between the
edge of the CNS and the ventral oblique muscles in 10% of cases
(Fig. 2E,F, Fig. 3; n=48). The location of these stalls and the
morphology of the stalled growth cones were similar to that seen in
pk mutant embryos.
Prickle interacts genetically with ﬂamingo to regulate sensory axon
advance
The similarity between the pkmutant and fmi RNAi phenotypes is
consistent with the hypothesis that these two genes function in the
same genetic pathway to regulate sensory axon growth. To test this
possibility further, we generated embryos that lack one copy of both
pk and fmi. Axon stallingwas observed in 5% of dorsal sensory neurons
ﬁlled in pk1/+, stan192/+ (transheterozygous) embryos (Fig.3; n=57),
a low, but statistically signiﬁcant penetrance level (Pb0.05). All of
these stalls occurred at the edge of the CNS, in the same position as
homozygous pk mutant embryos and the growth cones of stalled
axons showed the same simple morphology as seen in pk mutants
(Fig. 2G).
The cytoplasmic tail of Flamingo is dispensable for regulation of sensory
axon advance
We have evidence for a genetic interaction between fmi and pk in
regulation of sensory axon advance. What is the physical basis for that
interaction? Given that Prickle is a cytoplasmic protein, one possibility
is that it interacts directly with the cytoplasmic region of Flamingo. If
so, we would predict that the cytoplasmic tail of Flamingo should be
essential for regulation of sensory axon advance. To test this, we
attempted to rescue the fmi mutant phenotype by driving expression
of a truncated form of Flamingo that lacks the C-terminal tail in all
sensory neurons.
Sensory neurons were labelled with DiI in embryos of the
genotype stan192/stan192; P0163-GAL4/UAS-fmiΔC-YFP. Expression of
the truncated Flamingo construct by sensory neurons was veriﬁed by
YFP ﬂuorescence prior to DiI injection. The axons of 21% of labelled
dorsal cluster sensory neurons stalled in the periphery, while the
remainder successfully entered and arborised within the CNS (Fig. 5A;
n=24). This dorsal cluster axon stalling rate is signiﬁcantly lower
than the 87% frequency seen in stan192/stan192 embryos (Pb0.001)
and is not signiﬁcantly different to the 6% stall frequency seen when
using a full length Flamingo construct to rescue the fmi mutant
phenotype (Steinel and Whitington, 2009; Fig. 5B).A signiﬁcant, but weaker rescue of the fmi axon stalling defect was
also observed for the lch5 sensory neurons following expression of the
fmiΔC construct in this mutant: the lch5 axon stalling frequency was
reduced from 82% (Steinel and Whitington, 2009) to 50% (n=18,
Pb0.01).
The ﬁnding that the fmi mutant dorsal cluster axon stalling
phenotype can be largely rescued by expression of a Flamingo
construct lacking the C-terminal tail suggests that this region of the
molecule is not essential for regulation of axon growth in these
neurons. It follows that the function of Prickle in regulating dorsal
sensory axon growth into the CNS is unlikely to involve an interaction
with this region of the Flamingo molecule.
Overexpression of Dishevelled in sensory neurons results in similar axon
stalling defects to prickle mutants
Our previous search for fmi-like sensory axon stalling phenotypes in
core PCP mutants revealed no dorsal cluster axon stalls in dishevelled
(dsh) LOF mutants, using DiI labelling to visualise axon morphology
(Steinel andWhitington, 2009). This earlier study also found no axonal
defects following dsh overexpression in sensory neurons. However, the
method used to visualise sensory axon morphology in those over-
expression embryos – mAb22C10 immuno-staining – does not reveal
dorsal axon stalling in pk embryos (data not shown), leaving open the
possible existence of axon stalls following dsh overexpression.
We therefore repeated the dsh overexpression experiment, using
DiI labelling to assess dorsal axon morphology. Dorsal cluster sensory
axons were observed to stall at moderate penetrance levels (17%,
n=48; Fig. 3) in dsh overexpression embryos. The location of the
axon stalls was somewhat different to pk mutant embryos (1 stall at
229E.M. Mrkusich et al. / Developmental Biology 358 (2011) 224–230edge of CNS, the other 4 at edge of neuropile), but the stalled growth
cones showed the same simple morphology (Fig. 6).
Overexpression of dsh has little, if any effect on lch5 neurons. Only
one stall, in the ISN over the ventro-lateral muscle ﬁeld, was observed
in 21 ﬁlled neurons.Discussion
The dorsal cluster sensory axon stalling defect we report here in
the pk mutant is the ﬁrst demonstration in Drosophila of a role for a
core PCP gene other than ﬂamingo in regulation of neurite growth.
This ﬁnding raises the question as to whether prickle and ﬂamingo
interact in this context. The similarity in the phenotypes of fmi RNAi
and pkmutant embryos supports this proposition and further weight
is provided by our ﬁnding that embryos lacking a single copy of both
fmi and pk show the same axon stalling phenotype as pk homozygotes.
A pk-fmi interaction is not required for axon advance in all sensory
neurons, since lateral cluster axons grow into the CNS normally in pk
mutant embryos.
One possible molecular mechanism for a Prickle–Flamingo
interaction – direct binding between Prickle protein and the
intracellular tail of Flamingo – is not supported by the current
study. We have found that a mutant Flamingo protein lacking the C-
terminal tail is at least partially effective in rescuing the fmi mutant
phenotype. Whether Prickle interacts directly with Flamingo in some
other way, or whether an intermediary protein is involved, remains to
be established.
Do other core PCP genes cooperate with ﬂamingo and prickle in
regulating sensory axon growth?Whereas Frizzled has been shown to
be necessary for the formation of several axon tracts in the mouse
brain (Wang et al., 2002), there is no apparent requirement for the
Drosophila homologue to promote sensory axon advance. We have
previously found that sensory axon growth is normal in frizzled
mutant embryos (Steinel and Whitington, 2009) and, in addition, we
see no signs of sensory axon stalling in frizzled RNAi embryos
(unpublished results).Fig. 6.Overexpression of Dishevelled results in pk-like axon stalling defects. View of the
CNS of a ﬁlleted late stage 16 UAS-dsh;P0163-GAL4 embryo. Sensory neurons have been
labelled in three adjacent hemisegments. The axon of the upper neuron, ddaD stalls
within the CNS, at the lateral edge of the neuropile (arrow), while the two lower
neurons, ddaD and ddaE have formed normal arborisations in the ventral neuropile
(arrowheads). Scale bar represents 10 μm.However, we have observed an axon stalling phenotype similar to
pk mutants following overexpression of Dishevelled in all sensory
neurons. This ﬁnding mirrors ﬁndings in mammalian cell culture
systems: overexpression of murine Prickle1 or Prickle2 induces
neurite outgrowth from neuroblastoma cells and this effect is
repressed by over-expression of Dishevelled1 (Fujimura et al.,
2009). We conclude that in Drosophila, Prickle promotes axon
extension by inhibiting Dishevelled-mediated repression of axon
growth, a hypothesis that could be tested by jointly manipulating
levels of Prickle and Dishevelled expression in embryonic sensory
neurons. Dishevelled has been implicated in regulation of neurite
growth in other systems (reviewed in Salinas, 2007), but as part of a
canonical Wnt signalling pathway that diverges downstream of
glycogen synthase kinase (Gsk3β), leading to direct remodelling of
microtubules in the growth cone. It will be interesting to see whether
the same molecular components are employed downstream of
Dishevelled in growing sensory axons in Drosophila.
The site of sensory axon stalling in pkmutants – the border between
the CNS and the PNS – has been previously recognised as a key choice
point for growing axons in both insects and vertebrates (Bastiani and
Goodman, 1986; Klämbt and Goodman, 1991; Niederländer and
Lumsden, 1996; Sepp et al., 2000). The entry point to the CNS is the
most common stall point for dorsal cluster sensory axons in neuroglian
mutants (Martin et al., 2008). InDrosophila, peripheral glial cells play an
important role in enabling both efferent motor axons and afferent
sensory to advance across this transition zone (Sepp et al., 2001).
Future studies should examine whether pricklemediates an interaction
between axons and glial cells to promote their continued growth at this
site.
Conclusions
Similarities in LOF mutant phenotypes and the presence of axonal
growth defects in transheterozygous embryos provide evidence that
ﬂamingo and prickle interact in regulating sensory axon advance in the
Drosophila embryo. The C-terminal cytoplasmic tail of Flamingo
appears not to be necessary for this interaction. Overexpression
experiments suggest that another core PCP gene, dishevelled, acts
downstream of ﬂamingo and prickle to regulate axon advance. Prickle
may promote axon extension by inhibiting Dishevelled-mediated
repression of axon growth. In summary, it appears that regulation of
sensory axon advance in the Drosophila embryo is achieved by using
some of the components of the PCP pathway in an altered molecular
setting.
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